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Abstract: Different parts and products of Juniperus species have been used as folk medicine for various infectious
diseases, rheumatism, and wounds in Turkey. In order to evaluate this traditional usage, antiinflammatory and
antinociceptive activities of leaf and berry extracts of 3 Juniperus species (J. excelsa, J. foetidissima, and J. sabina) were
investigated. Additionally, antiinflammatory and antinociceptive activities of subextracts of J. oxycedrus subsp. oxycedrus
(Joso) berries and leaves were evaluated. The p-benzoquinone-induced writhing test for antinociceptive activity and the
carrageenan-induced hind paw edema model for antiinflammatory activity in mice were employed. Ethanol extract
prepared from berries of J. foetidissima provided a significant antiinflammatory effect (26.9%) at a dose of 100 mg/
kg. Moreover, the n-butanol subextract of Joso berry ethanol extract exhibited a promising antiinflammatory effect at
100 mg/kg. The same subextract displayed significant antinociceptive activity without inducing any gastric damage or
apparent acute toxicity. Results demonstrated that the n-butanol subextract of Joso berries and the ethanol extract of J.
foetidissima berries displayed remarkable antiinflammatory activity, and the n-butanol subextract of Joso also showed
promising antinociceptive activity. Further studies are warranted to define and isolate the active compounds from these
species to be used in the treatment of various inflammatory disorders.
Key words: Antiinflammatory, antinociceptive, carrageenan, Juniperus excelsa, Juniperus foetidissima, Juniperus
oxycedrus subsp. oxycedrus, Juniperus sabina, p-benzoquinone

Introduction
Ethnobotanical research done in the last few decades
has revealed the antiinflammatory and analgesic
properties of plants cited in the traditional literature.
This is because plants may hold assurance for the
discovery of novel therapeutic agents capable of
suppressing, reducing, or relieving pain as well as
inflammation. An array of drugs are available on the
market to treat inflammatory diseases like rheumatic
fever, rheumatoid arthritis, ankylosing spondylitis,
polyarthritis nodosa, systemic lupus erythematosus,
or osteoarthritis, but very few of them are free
from toxicity. Gastrointestinal problems associated
with the use of antiinflammatory drugs are still an

enduring dilemma of the medical world. It is very
important that extensive research of ethnobotanical
plants possessing antiinflammatory and analgesic
properties can definitely open up new vistas in
inflammatory disorders (1).
Juniperus is a unique genus from the family
Cupressaceae that is spontaneous in Europe. It
is widely distributed throughout the northern
hemisphere from the Arctic Circle to the mountains
of the African tropics. The genus Juniperus consists of
approximately 68 species (2,3).
In traditional medicine, Juniperus species are
used as remedies against the common cold, urinary
infections, urticaria, dysentery, hemorrhage, and
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rheumatic arthritis and to relieve menstrual pain
worldwide (3,4). The essential oils, leaves, and berries
of Juniperus species have been used for cosmetic and
medicinal purposes for several centuries. The oils
obtained by either steam distillation of berries and
wood or by dry distillation of heartwood (cade oil,
juniper tar oil) are applied for treatment of many
diseases, from leprosy and typhoid to tape worm.
Juniper berries and leaves are used for diuretic,
antiseptic, carminative, stomachic, antirheumatic,
and antifungal purposes and as a disinfectant
in many countries (5,6). Additionally, J. excelsa
berry decoctions are used for common cold and
bronchitis; J. foetidissima shoot decoctions for
coughs and common colds, and fresh berries for
joint calcification; J. sabina fresh berries for stomach
disorders, eczema, and wounds, and tar to treat
scabies; and J. oxycedrus berries, pix, and volatile
oils for bronchitis, colds, cough, scabies, fungal and
urinary infections, hemorrhoids, rheumatism, and
wounds in Turkey (7–11).
The present study was performed to support the
traditional usage of Juniperus berries and leaves in
Turkey. In vivo antiinflammatory and antinociceptive
activities of ethanol and water extracts prepared from
berries and leaves of 3 Juniperus species (J. excelsa, J.
foetidissima, and J. sabina) and subextracts of ethanol
extracts prepared from berries and leaves of J.
oxycedrus subsp. oxycedrus (Joso) were investigated.
Materials and methods
Plant material
Plants were collected in June and October of 2007
from different regions of Yozgat, Turkey. They were
identified and voucher specimens were stored in the

herbarium of Gazi University’s Faculty of Pharmacy.
Plants were dried under shade at room temperature;
berries and leaves were separated and deposited until
the extraction process. Herbarium numbers of the
plants are given in Table 1.
Preparation of the extracts
Preparation of the ethanol extracts (EtOH extracts):
The chopped dried leaves (100 g) and berries (100
g) were extracted with 80% ethanol (1 L and 2 L) by
mixer for 8 h individually. The following day, extracts
were filtrated and the residues were extracted by the
same procedure with ethanol again. The filtrates were
pooled and evaporated to yield dry extracts under
reduced pressure. Yields of the extracts are given in
Table 1.
Preparation of the aqueous extracts (H2O
extracts): The chopped dried leaves (100 g) and
berries (100 g) were extracted with 5 L of distilled
water by mixer for 8 h individually. The following
day, extracts were filtrated. Filtrates were evaporated
to yield dry extracts under reduced pressure. Yields
of the extracts are given in Table 1.
Preparation of subextracts of J. oxycedrus subsp.
oxycedrus L.
Preparation of subextracts from ethanol extract of
Joso leaves
Dried ethanol extract (300 g) was dissolved in 1000
mL of a methanol and water mixture (7:3) and
extracted with n-hexane in a separatory funnel (20
× 500 mL). The n-hexane phase was collected and
dried to give hexane subextract (yield: 6.5%). The
aqueous part was distillated to evaporate methanol
and then fractionated successively with chloroform
(8 × 500 mL), ethyl acetate (20 × 500 mL), and
n-butanol saturated with water (14 × 500 mL) to

Table 1. Yield percentages of the extracts.

Plant Name
Juniperus excelsa M.Bieb.

Herbarium no.
GUEF 2754

Leaf extracts

Berry extracts

H2O extract

EtOH extract

H2O extract

EtOH extract

22.2

33.6

22.0

33.2

Juniperus foetidissima Willd.

GUEF 2619

16.3

32.5

18.4

22.5

Juniperus sabina L.

GUEF 2618

16.3

27.6

15.5

19.8

Juniperus oxycedrus subsp. oxycedrus L.

GUEF 2616

-

35.0

-

33.0

720

N. ORHAN, E. AKKOL, F. ERGUN

obtain subextracts. Each subextract was concentrated
to dryness under reduced pressure on a rotary
evaporator to give CHCI3 subextract (yield: 6.4%),
EtOAc subextract (yield: 18.6%), n-BuOH subextract
(yield: 41.6%), and the remaining water subextract
(yield: 26.5%), respectively.
Preparation of subextracts from ethanol extract of
Joso berries
Dried ethanol extract (250 g) was dissolved in 500
mL of a methanol and water mixture (1:1) and
extracted with n-hexane in a separatory funnel (20
× 500 mL). The n-hexane phase was collected and
dried to give n-hexane subextract (yield: 14.8%). The
aqueous part was distillated to remove methanol and
then fractionated successively with chloroform (6 ×
500 mL), ethyl acetate (12 × 500 mL), and n-butanol
saturated with water (12 × 500 mL) to obtain
subextracts. Each subextract was concentrated
to dryness under reduced pressure on a rotary
evaporator to give CHCI3 subextract (yield: 0.9%),
EtOAc subextract (yield: 8.3%), n-BuOH subextract
(yield: 18.4%), and the remaining water subextract
(yield: 53.7%), respectively.
Chemicals
The following solvents and chemicals were purchased
and used as received: carrageenan (Sigma, Art.
No. C-1013), p-benzoquinone (Merck, Art. No.
S 31445 028), methanol and n-butanol (Merck),
dichloromethane (Carlo Erba), indomethacin (Bayer
AG), acetylsalicylic acid (Bayer AG), and sodium
carboxymethylcellulose (CMC; Aldrich).
Pharmacological procedures
Animals
Male Swiss albino mice (20–25 g) were purchased
from the animal breeding laboratories of the
Gazi University Laboratory Animal Breeding and
Experimental Research Center (GÜDAM) in Ankara,
Turkey. The animals, left for 2 days for acclimatization
to animal room conditions, were maintained on a
standard pellet diet and water ad libitum. The food
was withdrawn on the day before the experiment,
but free access to water was allowed. A minimum
of 6 animals were used in each group. Throughout
the experiments, animals were processed according
to the suggested European ethical guidelines for the
care of laboratory animals.

Preparation of test samples for bioassay
All extracts were administered at a dose of 100 mg/
kg after suspension in 0.5% sodium CMC in distilled
water. The control group animals received the same
experimental handling as those of the test groups,
except that the drug treatment was replaced with
appropriate volumes of dosing vehicle. Indomethacin
(10 mg/kg) and acetylsalicylic acid (ASA; 100 mg/kg)
in 0.5% CMC were used as reference drugs.
Antinociceptive activity
The
p-benzoquinone-induced
abdominal
constriction test (12) was performed on mice for the
determination of antinociceptive activity. The mice
were intraperitoneally injected with 0.1 mL/10 g
body weight of 2.5% (w/v) p-benzoquinone solution
in distilled water 60 min after the oral administration
of a test sample. Control animals received an
appropriate volume of dosing vehicle. The mice
were then kept individually for observation and the
total number of abdominal contractions (writhing
movements) was counted for the following 15 min,
starting 5 min after the p-benzoquinone injection.
The data represent the average of the total number of
writhes observed. Antinociceptive activity was then
expressed as the percentage change from writhing
controls. ASA at 100 mg/kg doses was used as the
reference drug in this test.
Antiinflammatory activity
The carrageenan-induced hind paw edema model
was used for determination of antiinflammatory
activity (13). The difference in footpad thickness
between the right and left foot was measured with
a pair of dial thickness gauge calipers (Ozaki Co.).
Mean values of treated groups were compared with
those of a control group and analyzed using statistical
methods. Sixty minutes after the oral administration
of a test sample or dosing vehicle, each mouse was
injected with a freshly prepared suspension of
carrageenan (0.5 mg/25 µL) in physiological saline
(154 nM NaCl) into the subplantar tissue of the right
hind paw. As the control, 25 µL of saline solution was
injected into that of the left hind paw. Paw edema was
then measured every 90 min for 6 h after induction
of inflammation. The difference in footpad thickness
was measured with gauge calipers (Ozaki Co.). Mean
values of treated groups were compared with those
721
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of a control group and analyzed using statistical
methods. Indomethacin (10 mg/kg) was used as the
reference drug.

carrageenan-induced hind paw edema model in mice
at a dose of 100 mg/kg body weight. The experimental
results are presented in Tables 4 and 5.

Acute toxicity

In the carrageenan-induced hind paw edema
model, the ethanol extract prepared from berries of J.
foetidissima provided a significant antiinflammatory
effect (26.9%) at a dose of 100 mg/kg, which was
comparable to the reference drug, indomethacin
(26.34%–33.9%), at 10 mg/kg (Table 4). The
remaining extracts showed weak antiinflammatory
activity; however, the results were not statistically
significant compared to the control group. The
n-butanol subextract prepared from the ethanol
extract of Joso berries provided remarkable inhibition
of inflammation ranging between 24.5% and 23.7%
against the carrageenan-induced hind paw edema
model at 100 mg/kg (Table 5). However, the remaining
subextracts did not show antiinflammatory activity
in this model.

Animals employed in the carrageenan-induced
paw edema experiment were observed for 48 h and
morbidity or mortality, if it occurred, was recorded
for each group at the end of the observation period.
Gastric ulcerogenic effect
After the antinociceptive activity experiment, mice
were killed under deep ether anesthesia and the
stomach of each mouse was removed. The abdomen
of each mouse was then opened through the greater
curvature and examined under dissecting microscope
for lesions or bleedings.
Statistical analysis of data
Data obtained from animal experiments were
expressed as mean ± standard error (SE). Statistical
differences between the treated and the control groups
were evaluated by ANOVA and Student–Newman–
Keuls post hoc tests. P < 0.05 was considered to be
significant.
Results and discussion
The water and ethanol extracts of berries and leaves
of 3 Juniperus species and the subextracts of Joso
berries and leaves were investigated for their in vivo
antinociceptive activity using a p-benzoquinoneinduced abdominal contraction test in mice at a dose
of 100 mg/kg body weight. The experimental results
are presented in Tables 2 and 3. The results revealed
that none of the tested juniper extracts showed
significant antinociceptive activity at 100 mg/kg.
Furthermore, none of the extracts induced gastric
damage or acute toxicity, whereas 3 of 6 mice suffered
from severe gastric damage in the ASA group (Table
2). As shown in Table 3, the n-butanol subextract of
ethanol extract from Joso berries exhibited notable
inhibition of 25.9% in the p-benzoquinone-induced
abdominal constriction test. This subextract did not
induce any apparent gastric damage or acute toxicity.
Though a higher rate of inhibition (50.7%) was noted
for ASA, the reference compound, at the same dose,
5 out of 6 mice suffered from severe gastric damage.
Antiinflammatory activity of the same extracts
and subextracts was investigated by using the
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According to ethnobotanical studies conducted
in Turkey, many plant species have been used as folk
medicine against pain and inflammatory conditions.
Hence, different parts (berries, leaves, branches)
and products (volatile oil, tar, resin) of Juniperus
species were used as folk medicine against pain and
inflammatory conditions, and the antiinflammatory
and analgesic activities of the berry and leaf extracts
of 3 Juniperus species were evaluated in this study.
The antinociceptive and antiinflammatory effects
of water and methanol extracts of Joso berries and
leaves were studied before (14) and the methanol
extract was found to be active; subextracts of ethanol
extracts were prepared and their activities were
evaluated in this study.
Although Juniperus species are used against
pain and inflammatory diseases in many countries,
only a few studies have been found evaluating their
antiinflammatory and antinociceptive activities
(15,16). In a recent study, antiinflammatory and
antinociceptive activities of the methanol and aqueous
extracts prepared from different parts (stem, berry,
and leaves) of 5 Juniperus taxa growing in Turkey
were investigated. Carrageenan- and prostaglandin
E2 (PGE2)-induced hind paw edema models were
used to evaluate antiinflammatory activity, and
for the antinociceptive activity, p-benzoquinoneinduced writhing and hot-plate tests were employed.
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Table 2. Antinociceptive effect of the water and ethanol extracts from berries and leaves of some Juniperus species on p-benzoquinoneinduced nociception in mice.
Material

Part used

Extract
type

Dose (mg/kg)

Control

No. of writhes ± SE

Inhibitory % Gastric lesionsa

35.2 ± 3.7

Acetylsalicylic acid
J. excelsa

J. foetidissima

J. sabina

100

18.5 ± 2.0

0/6
47.4 ***

3/6

Berry

H 2O

100

39.1 ± 3.9

---

0/6

Berry

EtOH

100

30.1 ± 4.0

14.5

0/6

Leaf

H2O

100

40.5 ± 4.4

---

0/6

Leaf

EtOH

100

43.6 ± 4.7

---

0/6

Berry

H2O

100

34.2 ± 3.3

2.8

0/6

Berry

EtOH

100

28.6 ± 3.1

18.8

0/6

Leaf

H2O

100

45.9 ± 5.3

---

0/6

Leaf

EtOH

100

32.2 ± 3.4

8.5

0/6

Berry

H2O

100

37.8 ± 4.9

---

0/6

Berry

EtOH

100

41.0 ± 4.3

---

0/6

Leaf

H2O

100

47.6 ± 4.86

---

0/6

Leaf

EtOH

100

57.0 ± 2.12

---

0/6

: Number of mice with gastric lesions or bleeding. ***: P < 0.001 significant from the control values.

a

The methanol extracts of the berries and leaves from
Joso and J. communis var. saxatilis exhibited notable
inhibition in the carrageenan-induced edema
model at a dose of 100 mg/kg. The same extracts
also displayed significant activity against a PGE2induced edema model. A similar activity pattern

was observed for the p-benzoquinone-induced
abdominal constriction test without inducing any
gastric damage or apparent acute toxicity (14).
The chemical composition of the genus
Juniperus was investigated in previous studies.
Different types of chemical constituents were

Table 3. Antinociceptive effect of the subextracts from Joso ethanol extract on p-benzoquinone-induced nociception in mice.
Material

Part used

Dose
(mg/kg)

Control
n-Hexane

Number of writhes ± SE

Inhibition %

49.3 ± 3.67

Gastric
lesionsa
0/6

Berry

100

45.7 ± 2.32

7.3

0/6

Leaf

100

51.4. ± 3.29

-

0/6

Berry

100

38.8 ± 3.52

21.3

0/6

Leaf

100

53.0 ± 2.24

-

0/6

Berry

100

40.7 ± 2.72

17.4

0/6

Leaf

100

47.1 ± 2.44

4.5

0/6

n-Butanol

Berry

100

36.5 ± 2.36

25.9 *

0/6

Leaf

100

43.5 ± 3.08

11.8

0/6

Remaining H2O

Berry

100

48.3 ± 3.99

2.0

0/6

Chloroform
Ethyl acetate

Leaf
Acetylsalicylic acid

100

45.3 ± 3.11

8.1

0/6

100

24.3 ± 2.31

50.7 ***

5/6

: Number of mice with gastric lesions or bleeding. *: P < 0.05, ***: P < 0.001 significant from the control values.

a
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Table 4. Antiinflammatory effect of the water and ethanol extracts from berries and leaves of some Juniperus species on carrageenaninduced paw edema in mice.

Material

Part used

Extract
type

Dose
(mg/kg)

90 min

180 min

270 min

360 min

35.8 ± 3.9

39.7 ± 4.2

43.6 ± 3.7

46.8 ± 3.8

10

27.9 ± 2.4
(22.1)

29.2 ± 2.9
(26.4) *

30.5 ± 2.7
(30.0) **

30.9 ± 2.3
(33.9) ***

Control
Indomethacin
J. excelsa

J. foetidissima

J. sabina

Swelling thickness ± SE (× 10–2 mm)
(Inhibitory %)

Berry

H 2O

100

37.6 ± 4.3

42.5 ± 4.8

49.9 ± 3.6

50.2 ± 3.9

Berry

EtOH

100

30.8 ± 2.9
(13.9)

35.1 ± 2.4
(11.6)

35.7 ± 2.8
(18.1)

37.9 ±3.1
(19.0)

Leaf

H 2O

100

40.5 ± 4.2

43.9 ± 4.7

53.6 ± 5.1

59.8 ± 5.0

Leaf

EtOH

100

37.3 ± 3.2

40.6 ± 3.0

41.1 ± 3.3
(5.7)

43.6 ± 3.8
(6.8)

Berry

H2O

100

37.3 ± 3.6

40.5 ± 4.0

47.8 ± 4.3

50.5 ± 3.9

Berry

EtOH

100

32.3 ± 3.8
(9.8)

37.1 ± 3.3
(6.5)

34.1 ± 3.1
(21.8)

34.2 ± 3.4
(26.9) *

Leaf

H2O

100

45.2 ± 5.1

50.8 ± 5.3

54.7 ± 4.2

59.6 ± 4.7

Leaf

EtOH

100

H2O

100

34.3 ± 3.5
(13.6)
40.5 ± 3.1

Berry

EtOH

100

36.9 ± 3.5

40.3 ± 4.0

40.5 ± 3.2
(7.1)
41.6 ± 3.5
(4.6)
40.5 ± 3.5
(7.1)

47.2 ± 3.8

Berry

31.5 ± 3.1
(12.0)
37.2 ± 3.4

43.8 ± 3.2
(6.4)
42.2 ± 3.1
(9.8)

Leaf

H2O

100

37.0 ± 3.1

39.9 ± 3.5

45.2 ± 3.3

47.4 ± 3.9

Leaf

EtOH

100

32.4 ± 2.9
(9.5)

35.0 ± 3.1
(11.8)

40.8 ± 3.5
(6.4)

48.2 ± 3.6

*: P < 0.05, **: P < 0.01, ***: P < 0.001 significant from the control values.

isolated from the various parts of Juniperus species
such as coumarins (umbelliferone), flavonoids
(amentoflavone, cupressuflavone, hinokiflavone, and
rutin), sterols (campesterol, cholesterol, β-sitosterol,
and stigmasterol), terpenes (monoterpenes,
sesquiterpenes,
and
diterpenes),
lignans
(podophyllotoxin), aliphatic compounds (alkanes,
fatty acids, and waxes), and polysaccharides (3,15).
Among these compounds, hinokiol, a diterpenoidtype compound isolated from J. polycarpos, was
shown to possess antiinflammatory activity (16).
In a recent study on the antidiabetic activity
of Joso berries and their active constituents, the
724

n-butanol subextract of berry ethanol extract was
found to have a significant blood glucose-lowering
effect. This subextract was fractionated by bioactivityguided fractionation and the active principles were
isolated as shikimic acid, ferulic acid-4-O-glycoside,
and oleuropeic acid-8-O-glycoside from the active
fraction of this subextract (17).
Ozaki evaluated the antiinflammatory activities
of ferulic acid. According to the results, this phenolic
compound significantly inhibited the edema induced
by carrageenan, the increase of the dye leakage induced
by acetic acid, and the granuloma formation induced
by cotton pellet. It was also reported that ferulic

N. ORHAN, E. AKKOL, F. ERGUN

Table 5. Antiinflammatory effect of the extracts from Joso ethanol extract on carrageenan-induced paw edema in mice.

Material

Part used

Dose
(mg/kg)

Control
n-Hexane

Chloroform

Ethyl acetate

n-Butanol

Remaining H2O

Indomethacin

Swelling thickness ± SE (× 10–2 mm)
(Inhibition %)
90 min

180 min

270 min

360 min

43.1 ± 4.8

50.8 ± 3.7

55.2 ± 4.1

60.7 ± 4.4

Berry

100

51.8 ± 5.2

59.4 ± 5.1

64.6 ± 4.9

67.3 ± 4.2

Leaf

100

49.6 ± 3.5

54.2 ± 3.7

60.3 ± 4.4

62.6 ± 3.9

Berry

100

50.3 ± 4.0

55.8 ± 4.6

61.2 ± 4.3

65.0 ± 5.1

Leaf

100

47.1 ± 3.6

64.2 ± 4.7

Berry

100

46.2 ± 3.4
(9.1)
53.9 ± 4.9

Leaf

100

Berry

100

Leaf

100

Berry

100

Leaf

100
10

37.9 ± 2.9
(12.1)
40.2 ± 3.4
(6.7)
53.6 ± 3.4

46.5 ± 3.9
(8.5)
40.5 ± 3.3
(20.3)
48.9 ± 3.3
(3.7)
55.4 ± 3.2

51.2 ± 4.3

56.8 ± 4.1

48.5 ± 3.9
(12.1)
47.1 ± 4.3
(14.7)
51.6 ± 3.1
(6.5)
41.7 ± 3.2
(24.5) *
49.6 ± 3.1
(10.7)
54.2 ± 3.7
(1.8)
59.1 ± 3.9

28.4 ± 2.9
(34.1) **

35.6 ± 3.2
(29.9) *

32.1 ± 3.0
(41.8) ***

54.1 ± 5.2
49.4 ± 3.0

53.1 ± 4.2
(12.5)
49.7 ± 3.8
(18.1)
46.3 ± 3.1
(23.7) *
55.1 ± 4.0
(9.2)
58.4 ± 3.9
(3.8)
59.4 ± 3.7
(2.1)
36.9 ± 3.1
(39.2) ***

*: P < 0.05, **: P < 0.01, ***: P < 0.001 significant from the control values.

acid possesses inhibitory activity on the number of
writhes induced by acetic acid (18). Furthermore, the
inhibitory effect of 3,4-oxo-isopropylidene shikimic
acid on the expression of inflammatory cytokines was
previously reported. The activity was attributed to the
transcription factor NF-κB activity (19). In another
study, antiinflammatory activities of the extracts
and isolated compounds from Schinus polygamus
were evaluated. Sitosterol and shikimic acid were
reported as the isolated compounds that can at least
partially explain the antipyretic, antiinflammatory,
and analgesic activity (20). Moreover, Kwon et
al. isolated shikimic acid from the leaves of Pinus
densiflora and demonstrated its inhibitory effect
against nitric oxide and PGE2 production in IFN-γ
and lipopolysaccharide-stimulated RAW 264.7
cells (21). Additionally, shikimic acid isolated from
Hypericum laricifolium was found to possess minor

inhibitory activity on cyclooxygenase (COX)-1 and
COX-2 enzymes (22). Therefore, shikimic acid and
ferulic acid 4-O-glycoside isolated from the n-butanol
subextract of Joso berries may be speculated to
make a contribution to the antiinflammatory and
antinociceptive effects of this subextract.
Carrageenan-induced edema causes the activation
of the kinin system, the accumulation of neutrophils,
and the release of prostanoids and cytokines. Topical
administration of the phorbol esters modifies
proinflammatory cytokine production and induces
neutrophil infiltration in the epidermis and COX2 activation. (23) Carrageenan-induced hind paw
edema is a biphasic event. Histamine, serotonin, and
similar substances are released in the early phase
of the inflammation (90–180 min). The later phase
(270–360 min) is due to the activation of kinin-like
substances such as prostaglandins, proteases, and
725
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lysosome (24–26). Ethanol extract of J. foetidissima
berries and the n-butanol subextract of Joso were
found to be active in the second phase.
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Further studies have to be done to prove the
antiinflammatory and antinociceptive activities of
shikimic acid and ferulic acid 4-O-glycoside, and to
establish their side effects and toxicities. Bioactivityguided isolation should also be done to determine
and isolate the active constituents of J. foetidissima
berry extract.
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